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Increased attentional bias to threat has been identified as a causal mechanism in the 
development of anxiety. As such, attention bias modification (ABM) was conceived as a 
treatment option where anxiety is alleviated through a computerized cognitive training regimen 
that reduces an individual’s attentional bias to threat. However, few studies to date have 
examined how to tailor ABM treatments to unique individuals and how that may facilitate 
greater generalization of treatment effects in the real world. Additionally, the neural mechanisms 
underlying ABM are poorly understood. The participants in this study gave a list of the 10 things 
that caused them the most anxiety and those stimuli were incorporated into the ABM design in 
place of typically, experimenter-generated stimuli. A control group completed a self-relevant 
variant of the dot-probe task in place of ABM. Pre and post-testing, consisting of the dot-probe 
task while NIRS activity was recorded, did not reveal significant changes in behavior or brain 
activation. However, examination of the control group’s data revealed that participants generally 
displayed an attention bias towards their self-relevant threats and that reaction time stabilized 
after an initial session, implying that a practice session may facilitate more reliable results with 
the dot-probe task. Interestingly, participants only showed an attention bias on trials involving 
the top half of the screen and attention bias scores garnered from top and bottom trials separately 
were highly correlated across sessions, suggesting that researchers may need to consider the 
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 Anxiety disorders are currently among the most prevalent psychological disorders in the 
world. Current treatments, including pharmacological interventions, cognitive-behavioral therapy 
(CBT), and dietary and lifestyle changes, are limited by their potential negative side effects and 
at times limited efficacy. Additionally, one aspect of anxiety that current treatments do not 
directly target is the attentional deficits found in many anxious individuals. In particular, it seems 
that those high in anxiety also tend to display an attention bias towards threat, which simply put 
means that their attention is generally overly captured by threatening information. Attention 
biases can be quantified in the laboratory using the dot-probe task. In the task, participants are 
seated at a computer and each trial begins with a fixation cue in the center of the screen. After 
fixation, two stimuli are briefly presented with one on each side of the cue; one stimulus is 
generally threat-related while the other is emotionally neutral. After the stimuli disappear, a 
target dot appears in the location occupied by one of the two preceding stimuli. Those high in 
anxiety tend to respond faster to the target when it replaces threatening information, ostensibly 
because their attention was already directed or biased towards that side of the screen. 
 One treatment that has taken aim at the attention deficits found in anxiety is aptly named 
attention bias modification (ABM). ABM was conceptualized after research regarding attention 
biases and the dot-probe task began to emerge in the late twentieth century. ABM is a 
computerized cognitive training regimen designed to reduce attention biases toward threat and 
in-turn, anxious symptoms. The task is almost identical to the dot-probe task, however in the 
training, the target always appears behind the neutral stimulus and away from the threatening 
one. The rationale is that after some practice, participants will begin implicitly directing their 
attention towards the neutral stimulus in order to find the target quicker. The hope is that this 
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effect will generalize outside of training and participants will begin directing their attention 
towards threat less outside of the lab. Less time spent directing their attention towards 
threatening information is thought to lead to a reduction in anxious symptoms. 
 There is meta-analytic support for ABM as an anxiolytic intervention with over a decade 
of research. However, many questions remain regarding the neurobiological changes that 
accompany ABM as well as how the treatment may be tailored to unique individuals. To address 
this, we asked participants to provide a list of 10 things that cause them the most anxiety as well 
as a list of neutral words of equal length to incorporate into ABM training. Pre and post-testing 
consisted of participants completing a standard dot-probe task while NIRS activity was recorded 
from the PFC. Participants were split into a treatment and control group. The target always 
appeared behind the neutral word during the treatment group’s training sessions and appeared 




Anxiety disorders are currently among the most common diseases in the United States 
with 30% of Americans being diagnosed with one at some point in their lifetime (Hirschfeld, 
2001). Additionally, Kessler (2005) reported that at any one point, roughly 18% of Americans 
suffer from an anxiety disorder. The economic burdens of anxiety disorders are substantial as 
well, costing an estimated $42.3 billion a year (Hoffman, 2008). There is a somewhat broad 
range of diseases grouped under anxiety disorders including generalized anxiety disorder (GAD), 
obsessive compulsive disorder (OCD), panic disorder (PD), social anxiety, and specific phobias 
(Hettema, Neale, Kendler, 2001; Kaufman & Charney, 2000). Anxiety disorders are highly 
comorbid with one another and other psychiatric conditions (Noyes & Hoehn-Saric, 1998). In 
particular, it has been reported that 50-60% of individuals with major depressive disorder (MDD) 
are also burdened with PD, social anxiety, PTSD, and/or GAD (Kaufman & Charney, 2000). 
As a consequence of the broad range of ailments that fall under anxiety disorders, there is 
a very diverse assortment of treatments available. To date, the most common treatments include 
pharmacological interventions, psychotherapy, cognitive-behavioral therapy (CBT), and dietary 
or lifestyle changes (Bystritsky, et al., 2012; Bystritsky et al., 2013). With remission rates 
steadily hovering around 50% for CBT and pharmacological interventions, it is important to 
continue exploring alternative treatments that will yield lasting effects (Barlow, Gorman, Shear, 
& Woods, 2000; Ballenger, 2004; Cartwright-Hatton, Roberts, Chitsabesan, Fothergill, & 
Harrington, 2004).  
 Among the most common pharmacological treatments for anxiety disorders are selective-
serotonin reuptake inhibitors (SSRIs), benzodiazepines, and antiepileptic agents (Bystritsky et 
al., 2013). However, these interventions can be less than ideal because of their potential side 
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effects and at times, limited efficacy. SSRIs have a disturbing number of potential adverse side 
effects including sexual dysfunction, sleepiness, weight gain, dry mouth, and insomnia (Cascade, 
2009). Benzodiazepines have demonstrated their therapeutic efficacy, but there are an 
overwhelming number of potential side effects. The potential risks include, but are not limited to, 
high addiction rates, fatal overdose (especially if benzodiazepines are combined with alcohol), 
psychomotor impairment, memory impairment, depression and emotional blunting, adverse 
effects in pregnancy, and withdrawal symptoms (Longo, 2000). Because of the side effects of 
benzodiazepines, antiepileptic medications are beginning to be utilized more frequently; 
although they can produce similar adverse effects as benzodiazepines in higher doses (Bystritsky 
et al., 2013). 
 Several different psychotherapies have also been evaluated as treatments for anxiety 
disorders. Applied relaxation (AR) and cognitive behavioral therapies (CBT) appear to be 
superior to nondirective (ND) therapies for treating GAD (Borkovec, 1993).  While 
psychotherapy treatments may not have the risks of pharmaceutical interventions, their efficacy 
has been questioned at times. Westen & Morrison (2001) found that while psychotherapy 
produced impressive short-term gains, most patients do not remain improved at clinically 
meaningful follow-up intervals. They also reported that screening procedures used in many 
studies raise questions about generalizability, particularly in light of a systematic relation across 
studies between exclusion rates and outcome (Westen & Morrison, 2001). 
Alternative and complementary treatments are actually used more than conventional 
therapies by people with self-defined anxiety attacks and severe depression (Kessler et al., 2001). 
Alternative and complementary treatments, such as dietary or lifestyle changes, are similar in 
perceived effectiveness to conventional therapies (Kessler et al., 2001). However, the results may 
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not be generalizable because the majority of alternative and complementary treatments are 
conducted unsupervised (Kessler et al., 2001). All of these remedies have their tradeoffs between 
efficacy and negative side effects, illustrating the need for more effective treatments. 
 Given the prevalence of anxiety disorders, it is surprising that much is still unclear 
regarding the epidemiology of anxiety and what specific factors spur its development. The extent 
to which genetics contribute has been estimated to be from 14.3-31.6% according to multiple 
twin studies (Scherrer, et al., 2000; Hettema, Prescott, & Kendler, 2001). The researchers found 
no role for common environmental factors and no gender differences. However, it should be 
noted that many other studies have consistently found females to be at a greater risk of 
developing an anxiety disorder than males (Lewinsohn et al., 1998; Kinrys & Wygant, 2005; 
McLean, Asnaani, Litz, & Hofman, 2011; Sevar, Vythilingum, & Castle, 2015). There has been 
considerable disagreement about what happens to the risk of anxiety across individuals’ 
lifespans. When controlling for other risk factors, Jorm (2000) found a consistent pattern of 
reduced susceptibility to anxiety as one ages. Although older adults are less likely to develop 
anxiety, they do report higher levels of disability related to the disease than younger adults 





Recent cognitive theories suggest information-processing biases towards threatening 
stimuli can lead to the development and maintenance of anxiety disorders (MacCleod, 2002). 
According to these theories, schemas largely influence how information is attended to, 
interpreted, and remembered (Bar-Heim, 2010). Schemas are thought to be biased towards threat 
in anxious individuals and thus their attention is inclined to attend to threatening information- 
leading to the development and maintenance of anxious symptoms. Support for this model comes 
from experimental data demonstrating that anxious individuals preferentially allocate attention 
(i.e. show an attention bias) towards threatening, as compared to positive or neutral, stimuli 
(Roy, et al., 2008; Bradley, Mogg, White, Groom, & de Bono, 1999). 
Although there has been much support linking attentional bias and anxiety, the nature of 
this relationship differs across models. MacCleod, Mathews, and Tata (1986) were the first to 
demonstrate that anxious individuals consistently shifted attention towards threatening stimuli, 
while healthy subjects on the other hand tended to shift attention away from threat. The authors 
interpreted these results as supporting the existence of an anxiety-related encoding bias and 
suggest this cognitive mechanism leads to the development and maintenance of mood disorders. 
They posit that healthy individuals have a certain threshold that threatening stimuli must exceed 
before demanding processing resources. Since we encounter mildly threatening stimuli 
constantly in our daily lives, from oncoming vehicles that are potentially lethal to minor somatic 
sensations that may be signs of a greater malady, it would advantageous to exclude such stimuli 
from the cognitive system at an early stage of processing. Of course, when encountered with a 
clear threat- such as a skidding automobile or intense internal pain- they would appropriately 
avert attention towards the potential threat.  
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Anxious individuals on the other hand, do not seem to have such a threshold or if they do, 
it is much more sensitive to minor threats. This would explain the frequent negative affect 
displayed across anxiety disorders, arising presumably from excessive processing of mildly 
threatening and negative stimuli in their environment. MacCleod, Mathews, and Tata (1986) 
suggest that anxious individuals generally show a threat bias during the encoding stage of 
information processing and that subsequent processing biases may arise if the threatening 
information relates to areas of particular concern to the individual. Support for attentional biases 
arising during the encoding stage of information processing comes from a study conducted by 
Mogg, Mathews, and Weinmann (1987), who found that anxious individuals do not recall 
negative words any more accurately than positive words. This suggests a lack of attention bias 
towards threat during the retrieval stage of information processing. Altogether, the authors 
present a convincing argument that cognitive systems related to attention may differ radically 
between anxious and non-anxious subjects when processing threat-related information. 
Given the accruing evidence supporting attentional biases towards threat-related 
information in anxiety and of memory biases for negative information in depression, Williams, 
Watts, MacCleod, and Mathews (1988) proposed a revised cognitive formulation of anxiety and 
depression emphasizing different patterns of cognitive bias. Anxiety is thought to be primarily 
characterized by biases in processes prior to awareness and in selective attention. Depression, on 
the other hand, is associated with a bias in post-attentive elaborative processes, which facilitate 
the recall of negative information- more akin to rumination, a common symptom of depression. 
Another pillar of their theory is that when under stress (state anxiety), those who have a tendency 
to direct attention towards threat (trait anxiety) are more susceptible to developing anxious 
symptoms. Finally, they suggest that there is a fundamental difference in the behaviors of high 
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and low trait anxious individuals when encountering threatening stimuli. High anxious 
individuals tend to orient attention towards threat, whereas low trait anxious individuals display 
the opposite effect, which is to be avoidant of threat. These differences are magnified in 
instances of high state anxiety. That is, high trait anxious individuals become hypervigilant of 
threat, while those with low trait anxiety become more avoidant of threat. Therefore, attentional 
biases are considered an interactive function of state and trait anxiety in this model. 
This interactive model of attentional bias has received empirical support, although some 
aspects are still questioned. MacCleod and Mathews (1988) revealed no difference in attentional 
bias between high and low trait anxious individuals when tested several months prior to their 
final examinations, a time when state anxiety is presumably low. However, when tested a week 
prior to their final exams, when state anxiety levels are elevated, they found that high trait 
anxious students showed increased attentional biases towards threat, while low trait anxious 
students did not. This provides evidence for the first aspect of the interaction hypothesis (i.e. 
high trait anxious individuals are hypervigilant under stress), while there was a nonsignificant 
trend supporting the second aspect (i.e. low trait anxious individuals become more avoidant of 
threat stimuli under stress). These findings were corroborated by Mogg, Bradley, and Hallowell 
(1994) who found high trait anxious students become hypervigilant under exam-stress, while 
again there was a nonsignificant trend for low trait anxious individuals to become more avoidant. 
Contrary to Williams, Watts, MacCleod, and Mathews assertion that anxious individuals 
attend to information that is threatening and non-anxious individuals avoid threat information, 
Mogg and Braldey’s (1998) model suggest that all individuals attend to information they 
perceive as being threatening. The difference therefore lies in the appraisal of what stimuli pose a 
threat and those which do not. This theory is more in line with MacCleod, Mathew, and Tata’s 
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original assertion in 1986 that attention biases arise in the encoding stage of information 
processing. Intuitively, this theory makes more evolutionary sense as well, given the importance 
of orienting attention towards perceived threats in the environment.    
 Several experimental paradigms have been utilized to study the relationship between 
attention bias and anxiety, namely the emotional Stroop, emotional spatial cueing, visual search, 
and most prominently dot-probe tasks (Bar-Heim, Lamey, Pergamin, Bakermans-Kranenburg, & 
van IJzendoorn, 2007). While it is thought that all of these paradigms reflect the workings of 
attentional processes, it also generally accepted that differences between tasks may reflect 
different aspects of attentional operations (Shalev & Algom, 2000). The emotional Stroop task is 
based on principles of cognitive interference; attention biases are represented by increased 
latencies in identifying the color of threat words relative to positive or neutral (Williams, 
Mathews, & MacCleod, 1996). The assumption is that information processing resources are 
biased towards attending to the threatening stimulus and that is manifested in increased reaction 
times. Another possible explanation is that increased latencies reflect greater cognitive effort 
required to divert attention away from negative stimuli. In the emotional spatial cueing task, 
targets appear in a region previously accompanied by a salient stimulus. Researchers compare 
reaction times from when the cue was congruently placed with the target and when it is 
incongruently placed away from the target to monitor attentional engagement with the stimulus. 
In the visual search task, participants are to indicate the presence or absence of some target 
among various numbers of distractors. Researchers can compare the slope of the reaction time as 
a function of display size to determine how different (particularly affective) stimuli capture 
attention when competing amongst neutral distractors (Trick & Enns, 1998).  
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 The most common assessment of attention biases is the dot-probe task. The task begins 
with a fixation cue in the center of a blank screen. After a period of fixation, two stimuli are 
briefly presented (usually 100-500 ms)- one on each side of the screen. Once the stimuli are 
removed, a target appears on either the left or right side of the screen. Typically when assessing 
attention biases towards threat, one of the stimuli is neutrally valenced while the other is threat-
related. Trials containing the target behind the neutral stimulus are considered to be 
“incongruent” trials, while targets replacing the threat-related stimulus are considered 
“congruent” trials. Faster reaction times when the target replaces the threat-related stimulus are 
thought to represent facilitated orienting of spatial attention towards threat. Meanwhile, delayed 
reaction times when the target replaces the neutral stimulus are thought to represent delayed 
disengagement of attention from threat (Koster, Crombez, Verschuere, & De Houwer, 2004; 
Carlson & Reinke, 2008; Carlson & Reinke, 2010; Carlson, Reinke, LaMontagne, & Habib, 
2011; Carlson & Mujica-Parodi, 2014). Therefore, threat-related stimuli are thought to capture 
attention quicker (facilitated orienting) and for longer (delayed disengagement) than neutral 
stimuli in many anxious individuals. 
 There is substantial empirical evidence supporting the notion that individuals with 
anxiety and other mood disorders tend to take longer to respond during incongruent compared to 
congruent trials (MacCleod, Mathews, & Tata, 1986; Mogg, Mathews, & Eysenck, 1992; Mogg, 
Bradley, & Williams, 1995). That is, their attention seems to fixate on the threatening stimulus 
longer than healthy participants. This is indicative of their real-life experiences characterized by 
an excessive allocation of attention towards threatening and negative events and stimuli.  
 Although simple and effective, the dot-probe task is not without its questions, limitations, 
or controversies. First, evidence accrued from the task can be somewhat ambiguous as the results 
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can be interpreted as difficulty to disengage from threat or facilitated orienting towards threat. 
However, this concern was addressed in a study by Koster, Crombez, Verschuere, and De 
Houwer (2004) who found the dot-probe effects to be due at least partially to delayed 
disengagement rather than facilitated orienting when comparing with baseline neutral trials. 
Other concerns regard internal consistency and test-retest reliability of the task (Schmukle, 
2005). However, the dot-probe task remains the most utilized method of assessing attention 
biases and has consistently produced orienting and disengagement effects in our lab (Carlson & 




Attention Bias Modification 
 Attention bias modification (ABM) is a cognitive training treatment for anxiety that utilizes 
computer-based training protocols to implicitly modify biased attention patterns in anxious 
subjects. ABM developed from literature indicating that attentional biases towards threat play a 
causal role in the development of anxiety (MacCleod, Mathews, & Tata, 2002). Most ABM 
treatments are based off a variant of the dot-probe task (Bar-Heim, 2010). In the training, two 
stimuli are briefly presented for around 500 ms- one on each side of the screen; one is a threat-
related stimulus and the other is neutral or non-emotional. After a period of fixation, a dot will 
appear on one side of the screen and the participant must indicate its location using a response box. 
During a standard dot-probe task, the target appears an equal number of times behind the threat-
related and non-emotional stimulus. However, during ABM, the target always appears behind the 
non-emotional stimulus. The rationale behind the training is that after some practice, participants 
will begin implicitly orienting their attention away from the threat-related stimulus and towards 
the neutral or non-emotional stimulus in order to successfully find the target. The hope is that after 
a period of training, participants will begin attenuating their bias towards threat in the real-world. 
This should in turn lead to a reduction in anxiety as their attention is bombarded less with 
threatening stimuli. 
 After more than a decade of research, there are now a number of recent reviews (Bar-Heim, 
2010; Kuckertz & Amir, 2015; Beard, 2011; Browning, Holmes, & Harmer, 2010; Hertel & 
Mathews, 2011; MacCleod & Mathews; 2012) and meta-analyses (Hakamata et al., 2010; 
Mogoase, David, & Koster, 2014; Beard, Sawyer, & Hofman, 2011; Hallion & Ruscio, 2011) 
indicating that ABM is successful in reducing attentional biases towards threat and anxious 
symptoms. The efficacy of ABM has been shown to be comparable to the more costly SSRI and 
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CBT treatment options in randomized control trials with anxious patients (Hakamata et al., 2010). 
Additionally, ABM has the added advantage of being incredibly accessible as it can be 
administered at-home (See, MacCleod, & Britle, 2009), in the lab (Britton et al., 2015), over a 
cellphone (Aday & Carlson, in-preparation), or over the internet (MacCleod, Soong, Rutherford, 
& Campbell, 2007). ABM’s anxiolytic effects also appear to be maintained long-term as evidenced 
by a study conducted by Schmidt, Anthony, Buckner, and Timpano (2009). The researchers found 
that ABM resulted in reduced scores on a social anxiety measure compared to a control group four 
months after the training had ceased. Altogether, ABM appears to be a promising treatment option 
that is noninvasive and practical with lasting effects. 




Neural Correlates of Attention Bias Modification 
 It is important to understand the neural mechanisms underlying effective ABM treatment 
in order to more objectively measure training-related outcomes as well as further elucidate how 
alterations in brain function and structure contribute to psychopathology. There is a growing 
literature linking changes in attentional bias to changes in brain regions involved in attentional 
control [i.e. the lateral prefrontal cortex (lPFC) and anterior cingulate cortex (ACC)] and 
emotional processing (i.e. amygdala; Wiers & Wiers, 2016).  However, considerable 
disagreement remains regarding exact localization of these neurobiological changes as well as 
degree. Next, the neural mechanisms commonly implicated in affective attention in general will 
be briefly introduced. Then, we will review the existing literature on ABM and changes in brain 
function and structure. The neuroimaging techniques used to study ABM treatments will also be 
explained. 
 Affective attention is thought to be mediated largely by a broad network that includes the 
amygdala, ACC, and sensory cortex (Carlson, Reinke, & Habib, 2009). The amygdala is 
primarily thought to appraise a stimulus for its saliency and threat potential (Adolphs et al., 
1999; Adolphs, 2004; Adolphs et al., 2005). There is also research supporting its involvement in 
coding the spatial location of potential threats (Peck, Lau, & Salzman, 2013). Axons from the 
amygdala project to spatially-specific locations in the visual cortex in order to facilitate visual 
processing at the location of potential threat (Adolphs, 2004; Vuilleumier, Richardson, Armony, 
Driver, & Dolan, 2004; Carlson, Reinke, LaMontagne, & Habib, 2011). The ACC’s role in 
affective attention is thought to be resolving conflict between stimuli competing for attention 
(Botvinick, Nystrom, Fissell, Carter, & Cohen, 1999) as well as regulating the duration of 
attentional capture by threatening stimuli (Price et al., 2014). 
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EEG & ABM 
 Electroencephalography (EEG) is a noninvasive method of recording electrical activity 
produced by the brain using electrodes along the scalp. It is classically well-regarded for its 
temporal resolution (millisecond range) but is considered to have poor spatial resolution as the 
source of electrical activity cannot be localized with certainty (Burle et al., 2015). EEG data is 
represented as a series of positive and negative amplitudes over time known as oscillations. 
These oscillations are considered to be the sum of activity of large neuronal masses after neurons 
have fired. In order to link changes in EEG data and behavior, an averaging procedure centered 
around a particular stimulus event is commonly used on the data; the measure yielded from this 
type of analysis is known as an event-related potential (ERP). ERP components are named for 
their valence and latency or order. For example, an increase in activity 200 ms after stimulus 
onset could be labelled as P200- the “p” representing positive and “200” representing the 200 ms 
latency. The same component could be labelled as P2 if it is was the second positive inflection 
following stimulus onset (i.e. order-based labelling). ABM studies utilizing EEG commonly see 
changes in activity before stimuli reach awareness (~100-200ms), suggesting that ABM 
influences changes early on in the stages of information processing and likely during the 
orienting of attention. Changes in later stages of processing have also been reported (Eldar & 
Bar-Heim, 2009). 
 The first study to examine the neural correlates of ABM was conducted on 30 anxious 
and 30 healthy non-anxious controls by Eldar and Bar-Heim (2009). The researchers were 
examining the effects of a single session of ABM training (480 trials) while having their brain 
activity monitored with EEG. The two groups were evenly divided into a treatment group whose 
attention was always directed away from threat-related stimuli and a control group whose 
16 
 
attention was directed evenly towards threatening and non-threatening information. They found 
that only anxious individuals in the treatment group had their attention biases attenuated- 
suggesting that a preexisting bias is necessary for ABM to be effective. N2 amplitudes, which 
are involved in attentional control processes, were enhanced in anxious individuals, whereas the 
control group displayed decreased N2 amplitudes. They also found that anxious individuals in 
the treatment group showed decreased P3 amplitudes after training- more resembling the P3 
amplitudes of non-anxious individuals. Importantly, anxious individuals in the control group 
showed no such attenuation of P3 amplitudes.  Taken together, the authors suggest that ABM 
facilitated normative neuronal habituation processes among anxious individuals by decreasing 
their overall processing efforts and increasing attentional control. 
 Another EEG study was used to assess the effects of ABM, but this time using only a 
non-clinical sample (O’Toole & Dennis, 2012). The participants were split into a treatment 
condition where their attention was always directed away from threat and another group whose 
attention was always directed towards threatening stimuli. Again, the researchers found that 
training changed attentional bias for threatening stimuli, but only in those demonstrating a pre-
training attentional bias- replicating the findings of Eldar and Bar-Heim (2010). They also found 
that ABM moderated early spatial attention in the treatment group as demonstrated by decreased 
P1 amplitudes. This effect was contrary to that previously found by Eldar and Bar-Heim (2010), 
possibly due to differences in experimental design or ABM differentially affecting anxious and 
non-anxious individuals.   
fMRI & ABM 
 Functional magnetic resonance imaging (fMRI) is a noninvasive method of measuring 
brain activity that relies on changes in hemodynamic signaling rather than changes in electrical 
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activity like EEG (Logothetis, Pauls, Augath, Trinath, & Oeltermann, 2001). When a neuron 
fires, it requires energy in the form of adenosine triphosphate (ATP), which is produced by 
oxidizing glucose. Oxygen is delivered by hemoglobin via blood vessels and this forms the basis 
of the blood-oxygen-level-dependent (BOLD) signal recorded by fMRI. Given the relatively 
long chain of events leading up to a BOLD signal, it should be unsurprising that fMRI has poor 
temporal resolution (changes in BOLD signal are typically recorded 0.5-5 seconds following 
neural activation). The tradeoff is that is capable of excellent spatial resolution, allowing for 
localization of activity to specific brain regions. To date, fMRI has been the most common 
method of measuring the neural effects of ABM (Wiers & Wiers, 2016).  
 The first fMRI study to examine the effects of ABM was conducted on 29 healthy 
subjects who were split into a treatment condition (“avoid threat”) where their attention was 
always directed away from threat and another condition (“attend threat”) in which their attention 
was always directed towards threat (Browning, Holmes, Murphy, Goodwin, & Harmer, 2010). 
The researchers found that the training induced an attentional bias towards threat in the attend 
threat group as hypothesized, while this effect was not found in the treatment group. They also 
discovered that activity in the lPFC increased across all groups and experimental conditions 
when the direction of the participant’s spatial attention was directed opposite that of their 
training. The authors suggest that is due to an increased need for attentional control after learning 
to direct their attention in the opposite direction during training. A small region of the rostral 
anterior cingulate cortex (rACC) was found to exhibit the same pattern of activity as the lPFC, 
suggesting that the lPFC may be one node in a larger control circuit that incorporates the rACC. 
This network hypothesis was further supported by a matching pattern of activity in the bilateral 
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striatum. The non-differential neural effects found between groups creates some ambiguity 
regarding the neural mechanisms by which ABM exerts anxiolytic effects. 
 Multiple fMRI studies of ABM have reported alterations in fronto-amygdalar activation 
following training. Britton et al. (2015) found that greater left amygdala activation to congruent 
trials at baseline was associated with greater symptom reduction across both training groups. 
Additionally, after accounting for group differences in baseline amygdala activation, assignment 
to one or the other training conditions further predicted changes in symptoms, with greater 
symptom reduction in the active ABM group. These findings corroborated previous work done 
by Taylor et al. (2013) who found attenuated activation of the bilateral amygdala following a 
single session of ABM in individuals with social anxiety. These individuals also demonstrated 
greater activation in several regions of the PFC after training. Importantly, those with greater 
enhancement of ventral medial prefrontal cortex (vmPFC) activation following training showed 
more diminished attentional bias towards threat and decreased anxiety to an experimental 
stressor. Collectively, these findings suggest that ABM fosters deployment of top-down neural 
processes aimed to regulate anxiety and the neurobiological locus of these processes seems to be 
heavily centered around fronto-amygdalar structures. 
MRI & ABM 
 Magnetic resonance imaging (MRI) is one of the most commonly used techniques to 
noninvasively examine brain structure. MRI scanners use strong magnetic fields, radio waves, 
and field gradients to form images of the brain and body. In brief, MRI scanners use strong 
magnets to align hydrogen molecules that are largely found in water and fat in the human body. 
By varying the pulse sequence, contrasts can be created between tissues based on the movement 
of hydrogen molecules. Since its beginnings in the 1970s, MRI has become one of the most 
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versatile and useful imaging techniques used in medicine and research. To date, there has been 
only a single preliminary MRI study on the structural changes that accompany ABM training 
(Aday & Carlson, in-preparation) and few examining attention bias and brain structure (Carlson 
et al., 2012; Carlson, Cha, Harmon-Jones, Mujica-Parodi, & Hajcak, 2014). 
 Carlson, Cha, Harmon-Jones, Mujica-Parodi, and Hajcak, (2014) demonstrated that 
heightened attentional biases toward threat correlate with greater structural integrity of the 
amygdalo-prefrontal tract (uncinate fasciculus). Genetic variations associated with brain-derived 
human growth factor (BDNF) appear to influence the microstructure of this pathway, which in 
turn, affects attention bias toward threat. This led the authors to suggest that attentional processes 
are heavily influenced by threat signals via the uncinate fasciculus in individuals with high 
attention biases. These findings complemented earlier research demonstrating that greater gray 
matter volume in the ACC is correlated with attention bias to threat (Carlson et al., 2012). 
Overall, the two studies suggest a strong link between attention bias and structural volumes in 
frontal regions and the amygdala. 
 Further support for the involvement of frontal regions and the amygdala in attention bias 
comes from an ABM study looking at structural volumes pre and post-ABM training. Aday and 
Carlson (in-preparation) recruited participants to undergo 6 weeks of ABM training utilizing a 
cellphone app. They found that training resulted in decreased gray matter volume in the extended 
amygdala region, likely in the bed nucleus of the stria terminalis (BNST), as well as the ACC 
(Figure 1). These changes in gray matter volume were highly correlated with changes in 
attention bias, such that those with the greatest reductions in gray matter also had the greatest 
reductions in attention bias. These results provide converging evidence for attention bias being 
associated with gray matter volume in these regions given the positive correlations previously 
20 
 
reported between attention bias and gray matter volume in the ACC. Although the data is 
preliminary with only 6 participants completing ABM and no control group, the findings are 
intriguing given how they complement previous studies looking at attention bias and structural 
volumes in the prefrontal cortex and amygdala. A hypothesized model of the neural mechanisms 
underlying effective ABM treatment is illustrated in Figure 2. 
 
 
Figure 2. ABM Model. Pictured is a model illustrating how high attention bias (AB) results in high 
anxiety and how ABM reduces anxiety through a reduction in gray matter volume in the BNST and the 
ACC (Aday & Carlson, in-preparation). 
 
Figure 1. Aday & 
Carlson ABM MRI 
Results. After 6 weeks of 
ABM training, Aday & 
Carlson (in-preparation) 
found that gray matter 
volume in the ACC and 
BNST reduced by 5-6% 
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Near-infrared Spectroscopy (NIRS) 
 Near-infrared spectroscopy (NIRS) is a noninvasive method of measuring brain activity 
in the cerebral cortex utilizing near-infrared light. It is an attractive option for monitoring brain 
function as it is much more cost-friendly and has greater mobility than fMRI, while it also has 
the ability to localize activity to a given region of the cortex unlike EEG. The main limitation 
with NIRS is that it is only able to monitor activity within the first centimeter of the cortex (Boas 
& Franceschini, 2009). 
 NIRS is based on the premise that oxygenated (HbO) and deoxygenated hemoglobin 
(HbR) serve as indirect measures of neural activity. As described earlier, neurons need ATP to 
fire, which is provided by oxidizing glucose. Oxygen is provided by recruiting blood vessels 
which store hemoglobin. HbO and HbR are known for being the strongest absorbers of visible 
and near-infrared light, meaning that changes in hemoglobin concentrations can be monitored 
based on the amount of light absorption. NIRS uses an array of sources to emit near-infrared 
light and detectors to monitor how much light is absorbed. Of course, some of the light is 
absorbed by surrounding tissue and some of the light exits the head without detection, but HbO 
and HbR are the believed to be the largest absorbers of near-infrared light (Orbig et al., 2000). 
 To date, no studies have been published examining the effects of ABM treatment using 
NIRS. However, participants performing the same task using NIRS and fMRI have demonstrated 
that the two measures are highly correlated with one another (Mehagnoul-Schipper et al., 2002). 
NIRS and fMRI measures are both based on changes in blood flow in the brain so we should 
expect to see similar results as previous studies examining fMRI and ABM. Since the PFC has 
been implicated in nearly all neuroimaging studies of ABM, it would seem to be an ideal 
location to place the NIRS probe. The PFC is also an ideal location for using NIRS because hair 
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can block some of the light being emitted by the sources and shield detectors when examining 
other lobes of the cortex. Using NIRS, our lab has demonstrated decreases in mPFC activity 
during the dot-probe task following ABM training (Aday & Carlson, in-preparation; Figure 3), 
although this data has not been published. Since no other studies to date have examined the 
effect of ABM on NIRS activity, our a priori hypotheses regarding NIRS activity will reflect this 
preliminary data and fMRI studies of ABM.  
 
Figure 3. Aday & Carlson ABM NIRS Results. Aday & Carlson (in-preparation) found that 






 To date, there has been somewhat mixed evidence regarding individual differences that are 
pertinent to treatment outcomes. Multiple studies report that an individual’s pre-training attention 
bias is a reliable predictor of treatment outcomes (Aday & Carlson, in-preparation; Amir, Taylor, 
Donohue, 2011; Heerin, Philippot, & Koster, 2015; Mogoase, David, & Koster, 2014; Kuckertz et 
al., 2014). This makes sense given the reduction in anxiety is thought to be facilitated by a 
reduction in attention bias. Individuals without a pre-training attention bias would ostensibly have 
little to gain from the treatment if their anxiety is due to reasons other than an attentional bias. One 
study, however, has reported that baseline attention bias scores are not related to symptom 
reductions (Britton, Suway, Clementi, Fox, Pine, & Bar-Heim, 2015). This may be due to 
differences in experimental design though since in general, pre-training attention biases seem to 
be a reliable predictor of treatment outcomes. 
Individual differences in stimuli that induce anxiety may also relate to treatment 
outcomes. The stimuli presented during ABM training are typically experimenter-generated 
words or faces. No studies to date have examined how incorporating self-relevant stimuli into the 
task affects treatment outcomes. It would seem that since ABM’s anxiolytic effects stem from an 
attenuation of attention on stimuli that cause one anxiety in their daily lives, training individuals 
to direct attention away those same stimuli, rather than general threat-related stimuli, would 
facilitate treatment effects. As such, this study was designed to examine how ABM treatments 
can be tailored to unique individual needs in the hopes of refining treatment protocols as well as 




 This experiment was designed to assess the efficacy of incorporating self-relevant stimuli 
into the ABM protocol as well as further elucidate the neural mechanisms of effective ABM. 
There is currently a gap in the literature regarding how ABM treatments can be tailored to unique 
individuals and how that may facilitate treatment effects. There is also somewhat inconsistent 
data on the neural workings of ABM. Many studies of ABM fail to include a control group, 
which will also be addressed in this experiment. I hypothesize that: 
1) ABM will result in reduced attentional biases towards threatening stimuli in the 
treatment group as compared to baseline and the control group. 
2) The reduction in attentional bias will facilitate a reduction in anxious symptoms in the 
treatment group compared to baseline and the control group. 
3) ABM will result in overall increased activity in the lPFC after training in the 
treatment group but not in the control group. 
4) ABM will result in overall decreased activity in the mPFC after training in the 
treatment group but not in the control group. 
5) Changes in PFC activity in response to training will be correlated with reductions in 





 59 participants (Female = 44, Mean Age = 19.86; Table 1) from Northern Michigan 
University and the surrounding Marquette, Michigan area were recruited to participate in the 
experiment. Participants were recruited by hanging flyers around the university and town and 
compensated $24 for their time commitment to the project. The sample size was determined 
based off a sample size estimate performed using G*Power with an effect size of 0.70, power 
level of 0.85, and an alpha level 0.05. Bar-Heim (2010) previously reported an effect size of 0.61 
in his review, but we expected to see a slightly higher effect size since the training was tailored 
to each individual. All participants provided informed consent before beginning the experiment 
and were told that they were allowed to drop out of the study at any time. The study was 
approved by the Northern Michigan University Institutional Review Board (Project # HS16-
723). 
Group Age Gender Pre STAI-T Pre STAI-S Pre AB 
Treatment 19.61 F = 21, M = 9 46.81 45.50 6.86 
Control 20.22 F = 23, M = 6 43.87 43.70 12.37 
Table 1. Participant Demographics: Table 1 notes pre-training demographic information 
including: age, gender, STAI-T, STAI-S, and attention bias. 
Stimuli 
Testing Sessions  
The stimuli presented during testing sessions in the dot-probe task consisted of 10 unique 
facial identities (female = 5) expressing fearful and neutral facial expressions. The faces were 
acquired from a standard facial database (Gur et al., 2002; Lundqvist, Flykt, & Ohmnan, 1998). 
26 
 
The stimuli were presented for 100 ms on a black background before being replaced with a white 
dot (Figure 4). 
 
Figure 4: Dot-probe Task. Pictured is a trial from the dot-probe task. Faces were presented for 
100 ms and then followed by a target dot. 
Training Sessions  
The stimuli presented during training sessions consisted of 10 words the participant 
previously reported as causing them anxiety and 10 neutral words of equal length acquired from 
the Affective Norms for English Words List (Bradley & Lang, 1999). Words in this list are 
ranked from 0-10 on emotional valence (negative to positive). Words rated between 4-6 (within 
1 standard deviation of a “neutral” valence) were compiled into a list and participants selected 
words that they considered to be emotionally neutral to them. They were instructed to select a 
corresponding neutral word of equal length for each anxiety-related word. The first 10 
participants had their neutral words chosen at random before we made the decision to have the 
participants select their own neutral words in order to tailor the task further. Words were 





Figure 5: Self-relevant ABM Training. Pictured is a trial from the self-relevant ABM training. 
Words were presented for 500 ms and then followed by a target dot. The target always followed 
the neutral word in the treatment group and appeared non-contingently in the control group. 
Tasks & Equipment 
Testing Sessions 
 The dot-probe task presented during testing sessions was programmed using E-Prime2 
software and displayed on a 60Hz 16” PC computer monitor. Responses were made by pressing 
the “1” or “2” buttons on a Chronos Response Box (Figure 6). The experiment was divided into 
four blocks. Each trial of the experiment began with a white plus sign (+) centered on a black 
screen for 1,000 ms. Next, two faces were briefly flashed- one on each side of the plus sign. One 
was a fearful facial expression and the other a neutral facial expression. On some trials, two 
neutral faces were presented to serve as a baseline. After a period of fixation, the faces 
disappeared and were replaced with a small white dot on one side of the screen. The participants’ 
task was to indicate which side of the screen the dot appeared on by pressing “1” for left-sided 
targets and “2” for right-sided targets. Dots were presented an even number of times behind the 
neutral and fearful facial expressions. An attentional bias is demonstrated by quicker reaction 
times when the dot appears behind the fearful faces- implying that the participant’s attention was 
already directed there. This effect can also be demonstrated by longer reaction times when the 
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dot appears behind the neutral face- implying that the participant’s spatial was captured longer 
by the fearful face. NIRS activity was recorded across the PFC during both pre and post-training 
testing sessions. 
 
Figure 6: Chronos Response Box. Pictured is the Chronos Response Box participants used to 
identify the location of target dots. They pressed the first leftmost button with their right index 
finger to indicate target dots on the left and the second button with their right middle finger to 
indicate target dots on the right. The first four buttons were used to record responses to the 
questionnaires. 
 Following the dot-probe task, participants were asked to fill out both the State (STAI-S) 
and Trait (STAI-T) versions of the Speilberger State-Trait Anxiety Inventory (Spielberger, 
Gorsuch, & Lushene, 1970) to assess individual differences in both state and trait anxiety levels, 
respectively. Participants indicated the degree to which they agreed with various statements (1-4) 
using the Chronos Response Box. State anxiety was recorded before trait anxiety. 
Training Sessions 
 The ABM task used during training sessions was designed with E-Prime2 and run on a 
60Hz 16” computer monitor. Participants made their responses using a Chronos Response box. 
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The training sessions were divided into four blocks with a short break in between blocks to 
reduce fatigue. Each trial of the training sessions began with a white plus sign (+) centered on a 
black screen. Then, two words were briefly presented- one on the top and one on the bottom half 
of the screen. One word was a stimulus they previously reported as causing them anxiety and one 
was a neutral word of equal length. After a short period of presentation, the words disappeared 
and were replaced with a small dot on one half of the screen. The dot always appeared on the 
same side of the screen as the neutral word in the treatment group and an equal number of times 
behind threat-related and neutral words in the control group. The participants’ task was to locate 
this dot by pressing “1” for top-sided targets and “2” for bottom-sided targets. 
Neuroimaging Equipment  
 Brain activity was monitored during testing sessions using a TechEN CW6 NIRS system. 
The CW6 emits 690nm and 830nm wavelengths of light, which are optimal for tracking HbO 
and HbR. Light was emitted and detected using an optode array that spans the lateral to medial 
anterior PFC.  The array was made using plastic and foam padding provided by TechEN and 
consists of 8 sources and 9 detectors. Detectors and sources were separated by 3 cm, which is the 
ideal distance for measuring the cortical surface (Boas & Franceschini, 2009). The study utilized 
the 10 – 20 EEG system to standardize probe placement across participants. This was done by 
measuring the distance from the nasion (bridge of the nose) to the inion (bump on back of the 
skull). The central detector (detector 5) was placed 10% of this distance above the nasion, which 
is the Fpz coordinate, so that it spanned the anterior PFC (Figure 7). The probe was secured with 
a Velcro fasten, followed by a headband, and an Ace bandage to stop light from leaving or 
entering the region of interest. A TechEN 8 BNC connector was used to send stimulus markers 
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from E-Prime2 to the CW6 program in order to identify the timing and type of trial. A Patriot 3D 
digitizer was used to synchronize probe placement with 10-20 landmarks on the head. 
 
Figure 7: NIRS Placement Over the PFC. The central detector was placed over coordinate Fpz 
so that the NIRS probe spanned the anterior PFC. 
Neuroimaging Preprocessing 
 NIRS data was analyzed using HOMER2 software in MATLAB. Light intensity was 
converted to optical density using the following parameters: PCA: 0.9, tMotion: 0.5, tMask: 1.0, 
STDEVthresh: 50.0, AMPthresh: 5.0, and lowpass filter: 0.5. Data collected 2-5 seconds post-





 When participants arrived for their first session, they were immediately prompted to fill 
out the informed consent sheet and asked if they have any questions regarding the study. Then, 
basic demographic information was collected (i.e. email, phone, gender, age, and handedness) 
and entered into a Microsoft Excel spreadsheet. The participants were randomly assigned to 
either the treatment or control group during this time. Next, they scheduled what days they were 
available to participate in the next two weeks using a Google calendar. A team of 1 graduate 
research assistant and 9 undergraduate research assistants who have completed CITI training for 
working with human subjects aided in running participants during their testing and training 
sessions.  
 After collecting informed consent and basic demographic information, the participants 
were asked to give a list of the 10 things that cause them the most anxiety. Each answer was 
limited to one 3-11 letter word because of logistical limitations with the ABM design. That is, 
participants may not have time to read words longer than that in 500 ms, plus an affective 
database for phrases would be needed to match a neutral phrase with their anxiety-provoking 
phrase. If they had trouble coming up with a list of 10 things that cause them anxiety, they were 
prompted to think of things they find threatening or worrying. The participants’ lists were 
programmed into the ABM design using E-Prime2 before their first training session. 
 After providing their list of 10 things that cause them anxiety, participants began their 
first testing session. The NIRS device was secured to the participants’ foreheads using 10 – 20 
landmarks and they were situated 59 cm from the computer screen. The research assistant then 
read aloud the instructions for the participant. The participant’s task was to locate a dot that 
followed the presentation of two faces. There was a 7-second gap in between trials in order for 
cortical hemoglobin activity to return to baseline. The participants were instructed to try to keep 
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their mind free from distractions during that time and to focus on the task. Once the dot-probe 
task was over, the research assistant turned off recording of the NIRS device and prompted the 
participant to begin the STAI to assess state and trait anxiety. 
 After their first testing session was over, they were immediately guided down to the 
CABIN lab to begin their first training session. This was done immediately after their testing 
session in order to reduce the number of times a participant must travel to the facilities. The 
participant was brought to a testing room and told to wait until further instruction while the 
research assistant prepared the experiment. The researcher then incorporated the 10 things the 
participant identified as causing them anxiety and their 10 neutral words into the E-Prime2 
software. Once the experiment was programmed, the research assistant entered the testing room 
to read aloud the instructions. The participants were told to identify the location of a dot, which 
always appeared on the same side of the screen as the neutral word in the treatment group and 
non-contingently in the control group. The expectation was that participants in the treatment 
group would begin implicitly orienting their attention away from threat during the task and this 
effect would generalize outside of the lab. An attenuation of attentional bias towards threatening 
stimuli in their daily lives should result in anxiolytic effects as they are bombarded less with 
negative and threatening information. Since the dot location is not contingent upon the emotional 
valence of the preceding words in the control group, we did not expect to see an attenuation of 
attentional bias towards threat among those participants. 
 After the training session was over, the participants were reminded of when their next 
training session was and then they were free to leave. Their final training session was 
immediately followed by their final testing session; again, in order to reduce the number of times 
participants must travel to the facilities. Once they completed their final testing session, they 
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were debriefed on the nature of the experiment and told to stop by my office for their check of 
$24. Funds for the project were secured from the Excellence in Education Research Program at 
NMU. 
Analytic Plan 
Analytic plan for Hypothesis 1: ABM will result in reduced attentional biases towards 
threatening stimuli in the treatment group as compared to baseline and the control group. 
A 2 x 2 analysis of variance was conducted to conclude if ABM training reduces attentional 
biases compared to baseline and the control group. Attentional biases were calculated by taking 
the mean reaction time on incongruent trials minus the mean reaction time on congruent trials. 
Trials in which participants responded faster than 150 ms or slower than 750 ms were excluded 
as outliers.  
Analytic plan for Hypothesis 2: The reduction in attentional bias will facilitate a reduction in 
anxious symptoms in the treatment group compared to baseline and the control group. A 2 
x 2 analysis of variance was used to conclude if ABM training reduces self-reported anxiety as 
measured by the STAI-S and STAI-T compared to baseline and the control group. Pre and post-
training anxiety scores were correlated with changes in attentional bias using a Pearson 
correlation.  
Analytic plan for Hypothesis 3: ABM will result in overall increased activity in the lPFC 
after training in the treatment group, but not in the control group. A mixed methods 
analysis of variance was used to assess whether ABM results in increased activity in the lPFC 
compared to baseline and the control group.  
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Analytic plan for Hypothesis 4: ABM will result in overall decreased activity in the mPFC 
after training in the treatment group, but not in the control group. A mixed methods 
analysis of variance was used to assess whether ABM results in decreased activity in the mPFC 
compared to baseline and the control group.  
Analytic plan for Hypothesis 5: Changes in PFC activity in response to training will be 
correlated with reductions in attention bias and anxious symptoms. Pearson correlations 
were run in order to determine the relationship between changes in PFC activity, attention bias, 





Hypothesis 1: ABM will result in reduced attentional biases towards threatening stimuli in 
the treatment group as compared to baseline and the control group. Attention bias (AB) 
scores garnered from the pre and post-training dot-probe task were subjected to a two-way 
analysis of variance with two levels of session (pre and post) and two levels of group (treatment 
and control; Figure 8). All effects were statistically non-significant. The main effect of session 
yielded an F ratio of F(1, 50) = 0.77, p > 0.05, eta2 = 0.015. The main effect of group yielded an 
F ratio of F(2, 50) = 0.17, p > 0.05, eta2 = 0.003. The group x session interaction was also non-
significant F(1, 50) = 2.27, p = 0.17, eta2 = 0.043, (Treatment Group Mean AB Pre = 6.86, S.D. = 
13.54, Post = 13.40, S.D. = 20.00; Control Group Mean AB Pre = 12.37, S.D. = 13.62, Post = 
10.63, S.D. = 13.63).   
 
Figure 8: Changes in Attention Bias. There were no significant differences in attention bias 









































Changes in Attention Bias
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Reaction time data garnered from the pre and post-training dot-probe task was also 
subjected to a mixed methods analysis of variance with three levels of trial type (congruent, 
incongruent, and neutral), two levels of session (pre and post) and two levels of group (treatment 
and control). There was a main effect for trial type, F(1, 50) = 21.55, p < 0.001, eta2 = 0.301, 
such that congruent trials (M = 339.37, S.E. = 6.91) were overall faster than incongruent trials (M 
= 350.19, S.E. = 6.39). There was also a main effect of session, F(1, 50) = 16.07, p < 0.001, eta2 
= 0.243, such that the post-training session (M = 331.60, S.E. = 7.45) was faster overall than the 
pre-training session (M = 356.74, S.E. = 7.36). The main effect of group was non-significant, 
F(2, 50) = 1.39, p > 0.05, eta2 = 0.003. The trial type x group F(1, 50) = 0.09, p > 0.05, trial type 
x session F(1, 50) = 0.31, p > 0.05, group x session F(1, 50) = 0.40, p > 0.05, and trial type x 
session x group F(1, 50) = 1.50, p > 0.05 interactions were all non-significant. A further analysis 
was run on a cohort of participants who were highest in anxiety. In brief, the effects on attention 
bias were comparable to the non-clinical sample (see APPENDIX D for detailed analysis). 
Hypothesis 2: The reduction in attentional bias will facilitate a reduction in anxious 
symptoms in the treatment group compared to baseline and the control group.  STAI-S 
scores were subjected to a two-way analysis of variance with two levels of session (pre and post) 
and two levels of group (treatment and control). All effects were statistically non-significant. The 
main effect of session yielded an F ratio of F(1, 47) = 1.20, p > 0.05, eta2 = 0.025. The main 
effect of group yielded an F ratio of F(2, 47) = 0.98, p > 0.05, eta2 = 0.020. The group x session 
interaction was also non-significant F(1, 47) = 4.05, p > 0.05, eta2 = 0.079 (Treatment Mean 
STAI-S Pre = 45.50, S.D. = 10.32, Post = 45.96, S.D. = 11.42; Control Mean STAI-S Pre = 
43.70, S.D. = 8.72, Post = 42.13, S.D. = 9.62; Figure 9).  
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 STAI-T scores were also subjected to a two-way analysis of variance with two levels of 
session (pre and post) and two levels of group (treatment and control). All effects were again 
statistically non-significant. The main effect of session yielded an F ratio of F(1, 47) = 0.19, p > 
0.05, eta2 = 0.004. The main effect of group yielded an F ratio of F(2, 47) = 0.33, p > 0.05, eta2 = 
0.020. The group x session interaction was also non-significant F(1, 47) = 1.12, p > 0.05, eta2 = 
0.023 (Treatment Mean STAI-T Pre = 46.81, S.D. = 13.18, Post = 47.15, S.D. = 14.67; Control 
Mean STAI-T Pre = 43.87, S.D. = 10.62, Post = 43.04, S.D. = 11.40; Figure 9).  
 
Figure 9: Changes in Self-Reported Anxiety. Anxiety levels did not differ between group or 
session on either the STAI-S or the STAI-T.  
Hypotheses 3 & 4: ABM will result in (3) overall increased activity in the lPFC and (4) 
decreased activity in the mPFC after training in the treatment group, but not in the control 
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Test, Session, and Group
Changes in Self-Reported Anxiety
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Control N = 8); the rest were excluded for missing or corrupted data1. Results of the mixed 
methods ANOVA are reported here. 
 HbO 
 A mixed methods ANOVA was used to test the effects of session, group, trial type, and 
channel. The main effect of channel was not significant, F(1, 23) = 1.05, p > 0.05, eta2 = 0.044. 
Nor was the main effect of trial type, F(1, 23) = 0.06, p > 0.05, eta2 = 0.003. The main effect of 
session was also non-significant, F(1, 23) = 1.89, p > 0.05, eta2 = 0.076, as was the main effect of 
group F(1, 23) = 1.00, p > 0.05 (Figure 10). The trial type x group F(2, 23) = 0.33, p > 0.05, eta2 
= 0.001, session x group F(2, 23) = 2.07, p > 0.05, eta2 = 0.082, and trial type x session F(2, 23) 
= 1.55, p > 0.05, eta2 = 0.063 interactions were all non-significant. The trial type x session x 
group interaction approached significance, F(2, 23) = 2.78, p = 0.072, eta2 = 0.108, and was 
significant when utilizing a linear contrast, F(2, 23) = 4.53, p = 0.044, eta2 = 0.164. A post-hoc 
pairwise comparison revealed that the control group had an overall increase in HbO during 
congruent trials following training (Pre = -0.001976, Post = 0.000455, p = 0.095) that 
approached significance. Incongruent (Pre = -0.001073, Post = -0.000003, p = 0.34) and neutral 
trials (Pre = -0.000576, Post = -0.000949, p = 0.69) did not differ in HbO between sessions 
(Figure 11). 
                                                          
1 Examples of corrupted data: NIRS probe sliding during testing, computer not picking up stimulus markers, data 




Figure 10: Overall NIRS Activity (HbO). Pictured is the averaged HbO response for each `NIRS 
channel for both groups. 
 
Figure 11: Control Group Trial Type x Session HbO Interaction. Prior to training, the control 
group had decreases in PFC activity during congruent trials; however, they had slight increases 
following training. The difference in activity approached significance (p = 0.095). Neither of the 
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 A mixed methods ANOVA was used to test the effects of session, group, trial type, and 
channel. The main effect of channel was not significant, F(1, 23) = 1.09, p > 0.05, eta2 = 0.044. 
Nor was the main effect of trial type, F(1, 23) = 0.03, p > 0.05, eta2 = 0.001. The main effect of 
session was also non-significant, F(1, 23) = 0.02, p > 0.05, eta2 = 0.001, as was the main effect of 
group F(1, 23) = 0.002, p > 0.05 (Figure 12). The trial type x group F(2, 23) = 1.01, p > 0.05, 
eta2 = 0.001, session x group F(2, 23) = 0.28, p > 0.05, eta2 = 0.012, trial type x session F(2, 23) 
= 0.92, p > 0.05, eta2 = 0.063, and  the trial type x session x group interactions F(2, 23) = 1.08, p 
> 0.05 , eta2 = 0.045 were all non-significant. 
 
Figure 12: Overall NIRS Activity (HbR). Pictured is the averaged HbR response for each NIRS 
channel for both groups. 
Hypothesis 5: Changes in PFC activity in response to training will be correlated with 
reductions in attention bias and anxious symptoms. Given that attention biases, anxious 
symptoms, and NIRS measures remained unchanged after training, there were no significant 
correlations among them, p > 0.05. 
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Supplementary Results  
 Given that the target appeared equally behind anxiety-related words and neutral words in 
the control group’s training sessions, these participants were essentially just repeatedly 
completing a modified dot-probe task with self-relevant words. Since no studies to our 
knowledge have examined incorporating self-relevant words into the dot-probe task, we decided 
post-hoc to examine these results as well. A one-way ANOVA was used to examine the overall 
RT across the 6 sessions. The main effect of session was significant, F(5, 23) = 13.21, p < 0.001, 
eta2 = 0.365, such that RT in session 1 was significantly slower than every other session (Figure 
13), while none of the other sessions were significantly different from one another (p > 0.05). 
This suggests that participants may need to become familiarized with the task before a stable 
measure of attention bias can be taken. A one-way ANOVA was also run on the treatment 
group’s training data to further assess the extent to which RT changes as a function of session. 
The main effect of session was significant, F(5, 26) = 10.21, p < 0.001, eta2 = 0.282, such that 
RT in session 1 was again significantly slower than every other session (Figure 13), while none 
of the other sessions were significantly different from one another (p > 0.05). 
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Figure 13: Self-relevant dot-probe task: Overall RT. RT in session 1 was significantly slower 
than all other sessions for both the treatment and control group (p < 0.05), suggesting that 
participants should become familiarized with the task before a stable measure can be taken.  
When examining all 6 training sessions collapsed together, the control group did not 
seem to show an overall attention bias (i.e. congruent trials (M = 380.98 ms, S.D. = 49.95) were 
not significantly faster than incongruent trials (M = 383.33 ms, S.D. = 51.84), t(21) = 1.86, p = 
0.08). However, given that session 1 was an outlier in that it was significantly slower than all 
other sessions and likely contained noise in the data just from becoming familiar with the task, 
we decided to remove it from our next analysis. After removing session 1, congruent trials (M = 
372.07 ms, S.D. = 50.78) were significantly faster than incongruent (M = 375.24 ms, S.D. = 
52.44; i.e. participants did overall demonstrate an attention bias towards their self-relevant 
anxiety-related words), t(22) = -2.46, p = 0.02 (Figure 14). A 2 x 2 ANOVA was used to test the 
effect of two levels of dot location (top and bottom) and two levels of trial type (congruent and 
incongruent) on RT across all sessions. The main effects of trial type, F(1, 23) = 3.26, p > 0.05, 
eta2 = 0.124, and dot location, F(1, 23) = 0.49, p > 0.05, eta2 = 0.021, were not significant. The 
trial type x dot location interaction was significant, F(1, 23) = 5.27, p < 0.05, eta2 = 0.186, such 
that congruent trials (M = 377.53 ms, S.E. = 9.54) were faster than incongruent (M = 387.95 ms, 
S.E. = 11.01) when presented on top, p = 0.01, but not when presented on bottom (Congruent M 
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Figure 14: Self-relevant dot-probe task: Congruent and Incongruent Trials. (a) After session 1, 
participants responded significantly faster overall during congruent trials compared to 
incongruent trials (p < 0.05; i.e. demonstrating an attention bias). (b) However, a follow-up 
analysis revealed that this effect was dependent upon dot location. 
We also decided to examine the test-retest reliability of the attention bias scores garnered 
from the self-relevant dot-probe task. Attention bias scores from sessions 2-6 were all highly 





















Self-relevant dot-probe task: 






















Trial Type and Dot Location
Trial Type x Dot Location Interaction
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from trials where the target appeared on top were highly correlated between sessions 2-6, r’s = 
0.48-0.74, p’s < 0.05 (Figure 15a), as were attention bias scores calculated just from trials where 
the target appeared on bottom, r’s = 0.45-0.81, p’s < 0.05 (Figure 15b). Interestingly, attention 
bias scores calculated from top and bottom were generally negatively correlated with one another 






Figure 15: Self-relevant dot-probe task: Separate top and bottom correlations. Between sessions 
2-6, attention bias scores calculated from trials in which the target appeared on top were highly 
correlated across sessions (15a), r’s = 0.48-0.74, p’s < 0.05, as were scores calculated from trials 




Table 2. Self-relevant dot-probe task: Top and bottom correlations. Attention bias scores 
calculated from trials in which the target appeared on top were generally negatively correlated 
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**. Correlation is significant at the 0.01 level (2-tailed).













Summary of Results  
Incorporating self-relevant stimuli into the ABM procedure does not appear to reduce 
attention biases or anxious symptoms in a non-clinical sample based on these results. However, 
PFC activity does seem to change as a function of the training. The control group had increases 
in PFC activity during congruent trials following training that approached significance. In 
addition, our supplementary analyses utilizing the control group’s training sessions revealed that 
reaction time in session 1 was significantly slower than all other sessions, while none of the other 
5 sessions differed from one another. This same trend was seen in the treatment group’s training 
sessions as well; however, they generally responded faster than the control group’s training 
sessions (ostensibly, because participants could implicitly begin predicting where the dot 
location would be in the treatment condition; i.e. behind the neutral word). Individuals do seem 
to show an overall attention bias when incorporating self-relevant stimuli into the dot-probe task, 
as evidenced by faster reaction times when the target replaced a self-relevant threat compared to 
a self-relevant neutral word. However, our follow-up analyses revealed that this attention bias 
effect only occurred in trials in which the target appeared on top. The opposite trend, which 
approached significance, was observed when targets appeared on bottom (i.e. participants 
responded faster on incongruent trials). Accordingly, attention bias scores calculated from top 
and bottom separately were inversely correlated with one another within each session. Lastly, 
this variant of the dot-probe task yielded a strikingly high measure of test-retest reliability for 
attention bias scores calculated from top and bottom trials separately. These findings and their 
implications for future research will be elaborated on next.  
Effects on Attention Bias Discussion 
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Incorporating self-relevant stimuli into the ABM task did not reduce attention biases 
towards threat, as measured by the dot-probe task. It is possible that we did not see a change in 
the treatment group’s attention bias measures simply because different types of stimuli were used 
during testing and training. Words were used during training sessions and faces were used during 
the testing sessions. Different types of stimuli were selected in order to avoid the confound of the 
control group being tested using the same exact task that they were repeatedly trained on, while 
the treatment group would’ve been tested on a slightly different task than they’d been trained on 
(i.e. the target would not be contingent with their neutral word during testing). There has been a 
call in recent years for studies that attempt to overcome this confound by using different stimuli 
during testing and training (Mogg, Waters, & Bradley, 2017). Using different types of stimuli 
was also justified a priori on the premise that if the goal of the training is to alter participants’ 
attention patterns in general, then successful attention bias reduction should generalize to various 
stimulus types (e.g. words, faces, etc.) and not be dependent on one stimulus class. However, this 
may not be the case or it may be that generalization to other stimulus classes takes lengthier or 
more intense training. Currently, there does not seem to be a consensus in the literature regarding 
how much training is necessary for the treatment to be effective with treatment lengths ranging 
from a single session to six weeks (Bar-Heim, 2010; Aday & Carlson, in-preparation). It could 
also be that bias levels towards self-relevant threats are simply unrelated with attention biases 
towards other types of emotional stimuli (i.e. fearful faces).  
It is also possible that we did not see any changes in attention bias since fewer studies 
have identified hypervigilance at stimulus presentation times under 200 ms compared to longer 
presentation times (i.e. over 500 ms; Miloff, Savva, & Carlbring, 2015). This study had words 
presented for 500 ms during training sessions and faces were only presented for 100 ms during 
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testing sessions. It is possible that the effects do not generalize as well when using different 
stimulus presentation times. Additionally, Torrence, Wylie, and Carlson (2017) found that 
attention bias scores are no longer demonstrated at longer stimulus onset asynchronies (SOA; i.e. 
> 300 ms), so longer facial exposure time could seemingly result in the same effect. One other 
possibility for the null finding is that stimuli were presented on the left and right side of the 
screen during testing, but on top and bottom during training. The spatial location of the target 
does seem to have some effect on the results, as evidenced by our supplementary results, so this 
is a distinct possibility. Again, however, if the training is thought to alter attention patterns in 
general, then we should expect to see the effect regardless of the spatial location of the stimuli.  
Another factor to consider is that the treatment group did not display as robust of an 
attention bias at baseline as the control group- potentially leading to a floor effect. However, the 
treatment group’s attention bias scores were not even trending down, so this is unlikely to be the 
only contributor to the null attention bias effects. It is also likely that there is some noise in their 
first attention bias score, given that our supplementary results revealed that overall reaction time 
does seem to change after the first time they complete a new variant of the dot-probe task. It may 
also be that attention biases towards self-relevant stimuli are more difficult to attenuate given the 
extensive history participants have with those stimuli.  Lastly, it may simply be that ABM is not 
an effective treatment, given that the existing literature is fairly inconsistent and potentially 
contaminated by publication bias. Hallion and Ruscio (2011) found that after accounting for 
publication bias using a trim-and-fill procedure, ABM had no effect on anxious symptoms in 
their meta-analysis. However, given the fairly extensive ABM literature, it seems likely that 
researchers just need to continue to refine protocols to determine whom it is most effective for, 
rather than it being a sham training. To date, the protocols and populations included in ABM 
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studies have varied dramatically; a consensus on effective pre-training assessment measures and 
precisely defined experimental protocols would likely result in more consistent findings across 
studies. The null group results should perhaps be unsurprising in light of a recent expansive 
review of ABM, which reported that most ABM studies have found comparable reductions in 
attention bias scores between control and ABM training, even when self-reported anxiety is 
reduced (Mogg, Waters, & Bradley, 2017). 
Effects on Self-Reported Anxiety Discussion  
The use of self-relevant stimuli also did not seem to affect self-reported anxiety levels, as 
measured by the STAI-S and STAI-T. It is possible that the use of a non-clinical sample may 
have led to a floor effect with their anxiety levels; participants who aren’t clinically anxious to 
begin with do not have as much room for improvement in their anxiety levels as those who are. 
Moreover, a moderate level of anxiety is beneficial in many situations (e.g. making deadlines, 
escaping threatening situations, performing under pressure, etc.), so the effects of the training 
may not be beneficial to those without maladaptive anxiety.  It is possible that changes in state 
anxiety were not observed because of the low-stress nature of the laboratory environment. It may 
be that the anxiolytic benefits from ABM are only demonstrated in stressful situations or in 
instances of high state anxiety. Again, in light of the recent illuminating review by Mogg, 
Waters, and Bradley (2017), the lack of change in self-reported anxiety should perhaps be 
unsurprising given that only 9 out of 32 studies they reviewed showed differences between ABM 
and control training on anxiety levels.  
Effects on NIRS Measures Discussion 
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 The training did not seem to yield robust changes in brain activity, which is somewhat 
unsurprising given that we did not see any changes between our pre and post-testing behavioral 
measures. We did find that the control group demonstrated an overall increase in HbO in the 
PFC during congruent trials following training that approached significance. The increases in 
PFC activity may have risen through increased attentional control. A recent review has noted that 
in many ABM studies, the control group has comparable reductions in anxiety (Mogg, Waters, & 
Bradley, 2017). It may be that anxiety arises from a combination of inadequate top-down goal-
directed inhibitory control and overreliance on bottom-up stimulus evaluation/detection. In this 
view, both training methods would provide benefit as each involve extensive time spent using 
the top-down goal-directed inhibitory system during threat cue exposure. The benefits seen in 
ABM might not stem from directing attention away from threat, but rather from becoming better 
at engaging the top-down goal-directed inhibitory system, which seems to be practiced to some 
degree in both tasks (Mogg, Waters, & Bradley, 2017). Contingently directing attention away 
from threat may provide little additional benefits or may only benefit certain populations.  
Conversely, it may also be possible that contingently directing attention towards the 
neutral stimulus could result in a lack of top-down attention over time as participants shift to a 
more bottom-up strategy, relying on the stimulus features to direct their attention. In this view, 
the two methods operate on distinct aspects of attention. The control training likely improves 
top-down goal-directed inhibitory control as participants must use that system to disengage from 
the salient threat, and the treatment group benefits from orienting their attention away threat 
specifically. This may explain why most studies have seen reductions in anxiety in both groups- 
they are likely benefitting through separate mechanisms. Thus, the treatment and control training 
may target different aspects of attention and benefit distinct populations. In this view, it would 
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seem that the control variant would improve delayed disengagement, as those participants still 
orient towards threat but practice disengaging on half the trials, and the treatment variant would 
improve facilitated orienting, as those participants over time would ostensibly no longer orient 
towards the threat after locating the neutral stimulus. Since we did not include neutral-neutral 
trials in the self-relevant dot-probe task, we were unable to isolate delayed disengagement and 
facilitated orienting effects to confirm this hypothesis. If the control training did result in greater 
top-down control, this may partly explain why that group showed increases in PFC activity 
during threat exposure, as that region is well-known for its role in top-down processes such as 
emotion regulation and cognitive control (Aday, Rizer, & Carlson, 2017).  
Supplementary Results Discussion 
 The control group’s training sessions yielded perhaps the most interesting and 
meaningful results from the experiment. Again, since the target was not contingent with the 
neutral word during their training, these participants were essentially just repeatedly completing 
a standard dot-probe task with self-relevant words rather than going through ABM. The results 
indicate that the overall RT in session 1 is slower than every other session, while the other 5 
sessions were not statistically different from one another. This implies that participants may need 
to become familiar with the task before a stable measure of attention bias can be taken. This 
claim was corroborated by a follow-up analysis that revealed that the treatment group also 
responded significantly slower in session 1 compared to the other 5 sessions, which did not differ 
from one another. The RTs from session 1 are likely contaminated by factors other than our 
independent variable, such as just getting used to the experimental apparatus. This may explain 
why we did not see an overall difference between congruent and incongruent trials before 
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removing session 1 from the analysis. Future studies should consider including a pre-testing 
practice period in order to increase reliability and minimize noise in the data. 
 Utilizing self-relevant stimuli in the dot-probe task also seems to yield a strikingly higher 
test-retest reliability than traditional dot-probe studies (Schmukle, 2005). The dot-probe task has 
been criticized in the past for having poor test-retest reliability with correlation coefficients 
ranging from 0 to 0.30. Improving the test-retest reliability of the task is of considerable 
importance given its increasing prevalence as a psychometric instrument (Price et al., 2015). 
When looking at the overall bias index within each session, our results were comparable to 
previous findings showing little to no correlation between sessions. However, when calculating 
bias scores from just top trials and then just bottom-target trials separately, we found that these 
scores were incredibly consistent across sessions 2-6, with r values ranging from 0.45 to 0.81 
(Figure 15). This effect can be explained in part by our follow-up finding that overall, the 
participants demonstrated an attention bias on top-sided trials but not on bottom-sided trials. It is 
possible that participants may have been more inclined to direct their attention towards the top of 
the screen than the bottom since they were presented with words and individuals typically start at 
the top of the document when reading rather than the bottom. However, there was no main effect 
for dot location so this likely isn’t the only contributing factor. Future studies should examine the 
extent to which the test-retest reliability of the dot-probe task is dependent on dot location. It is 
currently unclear if our relatively high test-retest reliability is due to the inclusion of self-relevant 
words or if it’s because the vast majority of previous researchers have not considered the spatial 
location of the target in the calculation of their attention bias scores.  
 To the best of my knowledge, there has only been a single study in which attention bias 
scores were calculated separately for top and bottom trials (Price et al., 2015). These researchers 
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had socially anxious participants complete a dot-probe task 12 different times using emotional 
and neutral facial expressions presented in a vertical orientation. The researchers generally found 
that attention bias scores garnered from bottom trials (r’s between 0.5-0.6) were much more 
reliable than scores calculated from top or when combining top and bottom trials. In contrast, the 
test-retest reliability of attention bias scores calculated from top (averaged r = 0.61 for sessions 
2-6) and bottom (averaged r = 0.64 for sessions 2-6) were comparable in my study and 
considerably higher than traditional test-retest measures. It could be that since faces were 
presented in a vertical orientation in the Price et al. (2015) study, participants were more inclined 
to attend the bottom half of the screen since the eyes of the face would be closer to the fixation 
cue and it has been shown that fearful eyes themselves capture attention (Carlson, Torrence, 
Vander Hyde, 2016). This may have led to more reliable results on bottom-target trials compared 
to top; an effect that wouldn’t be seen in the current study since words were presented. Price et 
al. (2015) noted that measures of attention bias variability (ABV) were more stable in their study 
than the traditional method of collecting attention bias indices (i.e. incongruent RT – congruent 
RT). ABV is calculated by “binning” the data from each session into sequential sets then 
calculating the standard deviation and dividing by the overall RT. ABV is thought to yield a 
more dynamic measure of attention bias that accounts for fluctuations certain populations may 
have between threat-avoidance and hypervigilance. Attention biases may be less stable than 
initially believed and susceptible to mood and environmental influences; thus, ABV may yield a 
more valid measure of attention bias. Future analyses with this dataset should examine the extent 
to which the test-retest reliability of ABV fluctuates across sessions when incorporating self-




There are several notable limitations that must be considered in drawing conclusions 
from the results in this study. First, a non-clinical sample was used to assess the effects of the 
anxiolytic treatment. It is possible, and perhaps inevitable, that anxious and non-anxious 
individuals may respond differently to the treatment. All individuals have some level of anxiety, 
but it is possible that floor effects may have prevented the intervention from lowering anxiety 
further. Another limitation is the stimuli differed between testing and training. It is possible that 
we would have seen more robust effects if we used the same stimuli; however, we hoped to 
avoid the confound of the control group’s testing task being identical to their training task, which 
wouldn’t have been the case for the treatment group. It is also difficult to assess the degree to 
which our results were due specifically to the inclusion of self-relevant stimuli as we did not 
have a group assigned to experimenter-generated words. However, due to a limited sample and 
resources, we decided to only include our treatment and control group with self-relevant words 
rather than further diluting our sample sizes.  Another limitation regards the neuroimaging 
equipment; NIRS is limited in that in can only measure activity in the first centimeter of the 
cortex as it uses light, which is quickly scattered. The significant amount of NIRS data lost to 
equipment errors and corrupted files may also limit these results as the difficulties hindered 
sample sizes and reduced power.  
Directions for Future Research 
Future research should examine the extent to which incorporating self-relevant stimuli 
into ABM training changes treatment outcomes across various populations. The extent to which 
changes in attention bias generalize across stimulus classes (e.g. faces, words, pictures, etc.) and 
how long that may take also remains an important and unanswered question in the ABM 
literature. It may be fruitful to use tests other than the dot-probe task to assess the extent to which 
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the changes in attention bias generalize or are task-specific. Further elucidating which aspects of 
attention the treatment and control variants of ABM differentially operate on is also of critical 
importance in order to identify which populations may benefit most from the training. Most 
pertinent to this study, future researchers should explore a direct comparison between self-
relevant and experimenter-generated stimuli. Future research should also consider including 
neuroimaging methodologies, other than NIRS, that have the capacity to measure other areas of 
high interest such as the ACC and amygdala (Carlson et al., 2012; Carlson, Cha, Harmon-Jones, 
Mujica-Parodi, Hajcak, 2014). Based off the results of several studies (Price et al., 2015; Badura-
Brack et al., 2015), it may be fruitful to examine how ABV changes across training when 
incorporating self-relevant stimuli as well. 
Conclusion 
 To conclude, it is difficult to make definitive statements regarding the efficacy of 
incorporating self-relevant stimuli into ABM training based solely off these results. Our study 
suggests that their inclusion does not reduce attention biases or anxiety, at least in a non-clinical 
sample. The control variant of the task seems to lead to increases in HbO following training in 
the PFC during congruent trials. Interpretation of this finding isn’t perfectly clear, but previous 
research suggests that the changes in brain activity may relate to changes in attentional control 
and top-down processing. While their inclusion did not seem to facilitate anxiolytic effects, using 
self-relevant stimuli in the dot-probe task did generate several notable results. First, RT stabilizes 
in the dot-probe task after an initial session. This suggests that there may be noise in the data 
when participants complete the task for the first time. This may explain some of the previous 
inconsistent findings regarding the task and should inform future methodology. Second, 
individuals do seem to overall show an attention bias towards their self-relevant threats when 
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used in the task. However, this effect is unique to trials in which the target appears on top and the 
data trends towards participants being threat-avoidant rather than hypervigilant on bottom-target 
trials. Accordingly, bias scores calculated from top and bottom within each session are 
negatively correlated with one another. Attention bias scores garnered from solely top-target 
trials are highly correlated across sessions as are scores calculated just from bottom-target trials. 
However, it is unclear if the relatively high test-retest reliability is due to the inclusion of self-
relevant stimuli or simply because very few previous researchers have thought to interpret their 
bias indexes in relation to the spatial location of the dot. Future research should explore both 
possibilities in addition to the many other questions that remain regarding the efficacy of using 
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Protocol for “Evaluating the Use of Self-Relevant Stimuli in Attention Bias Modification (ABM) 
Training as a Treatment for Anxiety” Testing Session 1 
Greet & welcome participant. Ask them to turn off or silence their cellphone.  
Make sure the NIRS/EEG lab is dark (lights off & blinds drawn). Turn on lights in participant 
room. 
1) Have the participant fill out the Informed Consent sheet and ask if they have any 
questions. 
2) Collect basic demographic information from participant and enter it into the Excel sheet 
“Subject Info Sheet”.  This is in the Dropbox folder “Jake’s Thesis”, then click 
“Experiment Materials”. 
3) Schedule what days they can come in for training for the next two weeks using the 
calendar “ABM Study Calendar” in CABIN’s Gmail calendar. Save them as “Participant (x) 
Training or Testing Session (x)”. All appointments should be made within 2 weeks (no 
more than 3 weeks) and participants can’t do more than one session in a single day. 
Note that the final training session will be immediately followed by the final testing 
session so they will be here for about 60-75 minutes on that day. Make sure to check 
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that the NIRS room will be available on their final testing day (calendar: “NMU NIRS 
Testing Room Schedule”) and add their testing session time on that calendar as well. 
Training Sessions will take up a half hour block and Testing Sessions will take up a hour 
and a half block (just to be safe). Therefore, you can schedule up to 4 Training Sessions 
in one research assistant’s 2-hour block or 1 Testing Session and 1 Training Session in 
the 2-hour block. 
4) Copy their scheduled times onto the reminder sheet for participants to take home. 
5) If they didn’t bring in a list, give the participants the paper to write down the 10 things 
that cause them the most anxiety. Be sure to tell the participant to limit their answers to 
one word responses between 3-11 letters. If they have trouble coming up with enough 
words, have them think of things they find threatening or worrying. If they are unable to 
generate a list in 10 minutes, you may give them the Negative Word List to help them 
identify words they find threatening to them. 
6) For each anxiety word, have the participants choose a corresponding word from the 
Neutral Word List that is emotionally neutral to them and the same number of letters. 
7) Seat them at the testing computer and on the desktop, open up the folder “Jake’s Thesis 
NIRS Dot-Probe” and open the file “DOT-PROBE NIRS”.  
8) Enter the requested information. “1” should be entered for session if it’s the pre-
training session. 
9) Then attach the NIRS device to the participants’ forehead (see “Protocol for NIRS”). 
a. Don’t put the headband or bandage on until you’ve collected the 3D Digitizer 
points (since you won’t be able to see the sources or detectors with them on). 
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10) Then attach use the 3D digitizer to mark coordinates of interest (see “Protocol for 3D 
Digitizer”). 
11) Make sure the participant is seated 59 cm from the screen and give them the following 
instructions: 
Each trial of the experiment will start with a small ‘+’ (plus sign) in the center of the 
screen. At all times keep your eyes fixated on the plus sign. After a period of fixation, two 
stimuli will be briefly presented: one on the left side and one on the right side of the 
screen. After these stimuli disappear, a small dot will appear on the left or right side of 
the screen. Your task is to locate this dot. To do this, use your right index finger on the 1st 
(left most) button on the response box to indicate target dots on the left. Use your right 
middle finger on the 2nd button on the response box to indicate target dots on the right. 
IT IS IMPORTANT THAT YOU RESPOND AS QUICKLY AS POSSIBLE. AS SOON AS YOU 
LOCATE THE DOT MAKE A RESPONSE. In between trials, there will be a 7 second gap; 
 please try to avoid distractions and stay focused on the task during this time. DO YOU 
HAVE ANY QUESTIONS? 
12) Tell them to knock on the window when the experiment has concluded. 
13) Following the experiment, unhook them from the NIRS device and wheel it to the corner 
before opening the questionnaire (“STAI”) for them to complete. There will be two 
questionnaires within this file: the first asking how the currently feel and the second 
how they generally feel. 
14) Following the session, walk the participant down to the CABIN lab to begin their first 
training session.  
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Protocol for “Evaluating the Use of Self-Relevant Stimuli in Attention Bias Modification (ABM) 
Training as a Treatment for Anxiety” NIRS Protocol 
1. Wheel the NIRS device over so that it is about 2 feet or so behind the participant. 
2. Plug in the machine and begin turning it on by flipping the green switch on the side of 
the cart. Then turn on the white box and then finally turn on the computer on the NIRS 
cart. 
3. Next, plug in the USB cord coming from the NIRS cart into the far left USB port on the 
front of the testing computer. 
4. Open the red program “cw6” on the desktop of the NIRS computer. 
5. It will prompt you to open up a directory. Select Desktop, then select the CABIN folder, 
then select Strangeglove2 and open it. 
6. If a NIRS probe from another study is currently hooked up, unplug the optodes and 
insert them into our probe. Match the optodes with the array shown in the cw6 
program. 
7. Use a tape measure to measure from the nasion (bridge of nose) to the inion (bump on 
back of head). Take 10% of that length and make a mark that is that distance from the 
nasion. (So if it’s 100cm from the nasion to the inion, then you’d make a mark 10cm 
above the nasion). 
8. Also measure the circumference of their head (start the tape measure at the nasion and 
wrap it around the head so that it goes over the inion) and record the data in 
centimeters in the file “Subject Info Sheet”.  
9. Next attach the NIRS probe to the participant’s head using the Velcro straps. Make sure 
the central detector is situated where you placed the mark on their forehead. 
10. Cover the probe with a headband and then wrap the Ace bandage around the headband 
to keep light from leaving or getting into the probe.  
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11. Then attach use the 3D digitizer to mark coordinates of interest (see “Protocol for 3D 
Digitizer”). 
12. If you haven’t already, open up the dot-probe task on the participant computer and 
enter their information. 
13. See “Testing Protocol” for testing instructions to read to the participant. 
14. Check the auxiliary ports in the bottom-right portion of the CW6 program, Turn on all 
sources, and press START before leaving. 
15. The lights in the testing and control room should be turned off. 
16. After the task is over, give the participant the STAI and then move on to their first 
training session if it’s their first day. If it’s their last day, they can be debriefed on the 
nature of the study and told to stop by Jake’s office (1133 NSF) for their check.  
17. After the session is over, make sure you move the data over from the “Data - Shortcut” 
folder on the desktop (the file will be labelled as that day’s date) to “Jake’s Thesis” 
which will also be on the desktop and relabel it as their participant number (ex. 01) 
18. Shut down the computers and be sure to wheel the NIRS device back to the corner and 





Protocol for “Evaluating the Use of Self-Relevant Stimuli in Attention Bias Modification (ABM) 
Training as a Treatment for Anxiety” 3D Digitizer Protocol 
1) After securing the NIRS probe to their head, place the block for the 3D digitizer (it’s 
plugged into the “Source” channel) on the NIRS cart and secure the sensor plugged into 
“Sensor 1” somewhere on top of their head in the NIRS wires (nowhere in particular) 
2) Next, open up the program “PiMgr” on the testing computer. 
3) Immediately press the red “record” button in the top right corner of the window. 
4) Next you’ll begin plotting points using the stylus plugged into “Sensor 2”. You’ll want to 
be careful when plotting points since the button is sensitive and will begin recording 
multiple points if you hold it down for too long. Watch the computer screen as well to 
make sure it picked up your point.  
5) Points can’t be undone once made so be careful or you’ll have to exit out and start over. 
Also, it is critical that you make the points in the order listed. 
6) (1) First make a point at the nasion (nz; bridge of nose), (2) then the right temple (ar), 
(3) then the left temple (al), (4) then a point halfway between the nasion and inion (cz; 
you measure between the nasion and inion when putting the NIRS probe on so try to 
remember that number so you don’t have to measure it again with the probe on their 
head), (5) then make a mark on the inion (iz).  
7) Next, make a point at each of the sources (top row of NIRS probe) starting at “A”. 




9) Go back to the “PiMgr” program, go to “File”, “Export Motion Recording” and save as a 
txt file in the folder “Participants’ 3D Digitizer Coordinates” found at Desktop<Jake’s 
Thesis NIRS Dot-Probe<Participants’ 3D Digitizer Coordinates. Save as their subject 
number in the pre or post folder depending on the session. 
10) Move the digitizer equipment back to the printer stand before starting experiment.  
11) Lastly, after the participant’s session is completely over, you will need to go back and 
reformat the text file that was generated for the 3D Digitizer.  
a. First, open up the unformatted text document that you saved earlier, it should 
look something like this: 
 
b. Then, delete each row that starts with a “1” 




The first 5 rows will be the head landmarks you took (nz, ar, al, cz, iz). The next 8 rows will be 
the sources (s1-s8) and the final 9 rows will be the detectors (d1-d9). Leave just one space 
between the colon (:) and the coordinates. This is why it is critical you make the points in the 





Protocol for “Evaluating the Use of Self-Relevant Stimuli in Attention Bias Modification (ABM) 
Training as a Treatment for Anxiety” Training Sessions 
 
Greet & welcome the participant. Ask them to turn off or silence their cellphone  
1) Guide the participant to the training room and make sure their computer monitor is OFF 
until you have the experiment ready to go. 
2) If it is their first training session, you will need to incorporate their list of 10 things that 
cause them the most anxiety into E-Prime. 
a. Go to the Dropbox Folder “Jake’s Thesis”, then “Experiment Materials”. 
b. Choose either “Thesis Experiment-BLANK - Control.es2” or “Thesis Experiment-
BLANK – Treatment.es2” depending on which group they are assigned to. 
c. Regardless of condition, double-click “Wordlist” in the Structure Window 
d. Enter the 10 things that they listed as causing them anxiety in the column 
“FearWord” 
e. Next, enter in the neutral words of equal length in the “NeutWord” column.  
f. Once you have finished entering all of their words, go to “Save As” and save 
the file in the folder “Participant E-Prime Files” as their subject number (For 
example, if I was the first subject my file would be called “01”.) 
g. Click the “run” icon on the top of the screen to begin the experiment. 
3) If it’s not their first training session, then go to the Dropbox folder “Jake’s Thesis”, 
“Experiment Materials” , and finally “Participant E-Prime Files” 
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4) Select the corresponding participant number and begin the program. You’ll be opening 
the icon with a person running on it. 
5) Once the experiment is programmed, make sure the participant is seated 59cm from the 
screen (chair is at the tape) and read the following instructions:  
Each trial of the experiment will start with a small “+” (plus sign) in the center of the 
screen. At all times keep your eyes fixated on the plus sign. Two words will then appear, 
one on the top and bottom of the screen. One of the words will be a word you previously 
identified as causing you anxiety and on the other side will be a word of equal length. 
After these stimuli disappear, a small dot will appear on either the top or bottom side of 
the screen. Your task is to locate this dot. To do this, use your right index finger on the 1st 
(leftmost) button on the response box to indicate target dots on the top. Use your right 
middle finger on the 2nd button on the response box to indicate target dots on the 
bottom. IT IS IMPORTANT THAT YOU RESPOND AS QUICKLY AS POSSIBLE. AS SOON AS 
YOU LOCATE THE DOT MAKE A RESPONSE. The experiment will be divided into several 
blocks. Between blocks you can take a small break if you like. When you are ready to 
begin the next block press the “1” button. DO YOU HAVE ANY QUESTIONS? 
6) Following the training session, ask the participant if they have any further questions. If 
they do not, then thank them for their participation and confirm their next scheduled 
session. 




Protocol for “Evaluating the Use of Self-Relevant Stimuli in Attention Bias Modification (ABM) 
Training as a Treatment for Anxiety” Testing Session 2 
 
1) Immediately following their final training session, walk the participant down to the 
NIRS/EEG room. 
2) Seat them at the testing computer and on the desktop, open up the folder “Jake’s Thesis 
NIRS Dot-Probe” and open the file “DOT-PROBE NIRS”.  
3) Enter the requested information. “2” should be entered for session if it’s the post-
training session. 
4) Next, attach the NIRS device to the participants’ forehead (see “Protocol for NIRS”). 
5) Then attach use the 3D digitizer to mark coordinates of interest (see “Protocol for 3D 
Digitizer”). 
6) Make sure the participant is seated 59 cm from the screen and give them the following 
instructions: 
Each trial of the experiment will start with a small ‘+’ (plus sign) in the center of the 
screen. At all times keep your eyes fixated on the plus sign. After a period of fixation, two 
stimuli will be briefly presented: one on the left side and one on the right side of the 
screen. After these stimuli disappear, a small dot will appear on the left or right side of 
the screen. Your task is to locate this dot. To do this, use your right index finger on the 1st 
(left most) button on the response box to indicate target dots on the left. Use your right 
middle finger on the 2nd button on the response box to indicate target dots on the right. 
IT IS IMPORTANT THAT YOU RESPOND AS QUICKLY AS POSSIBLE. AS SOON AS YOU 
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LOCATE THE DOT MAKE A RESPONSE. In between trials, there will be a 7 second gap; 
please try to avoid distractions and stay focused on the task during this time. DO YOU 
HAVE ANY QUESTIONS? 
7) Following the experiment, open up the STAI questionnaire and enter the participant’s 
information. 
8) Following the session, debrief the participant on the nature of the experiment and give 
them the subject debriefing sheet. Let them know to come to Jake’s office (1133 NSF, 
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Additional Analyses with Only High-Anxious Individuals 
Given that our overall results are somewhat limited by the use of non-clinical sample, we 
ran further analyses with just participants who were the most anxious prior to training. To do 
this, we looked at just the 8 participants in each group who scored highest on the STAI-T during 
the pre-training testing session (i.e. those who scored approximately in the 75th percentile or 
higher in our overall sample). A mixed methods ANOVA on reaction time yielded no main 
effects for group, F(1, 14) = 0.05, p > 0.05, eta2 = 0.004, or session F(1, 14) = 0.51, p > 0.05, 
eta2 = 0.035. The main effect of trial type was significant, F(1, 14) = 4.65, p = 0.02, eta2 = 0.249, 
such that congruent trials (M = 354.20, S.E. = 15.17) were faster than incongruent (M = 364.00, 
S.E. = 13.99) and neutral trials (M = 360.85, S.E. = 15.88), which did not differ from one 
another. There were no interaction effects for session x group F(1, 14) = 0.48, p > 0.05, eta2 = 
0.033, group x trial type F(1, 14) = 0.15, p > 0.05, eta2 = 0.011, or group x session x trial type 
F(1, 14) = 1.37, p > 0.05, eta2 = 0.089. A mixed methods ANOVA was also run on their STAI-S 
scores, which yielded no main effects for group F(1, 14) = 2.16, p > 0.05, eta2 = 0.134, or session 
F(1, 14) = 0.11, p > 0.05, eta2 = 0.008. The group x session interaction was also non-significant 
F(1, 14) = 2.29, p > 0.05, eta2 = 0.140. Lastly, a mixed methods ANOVA was run on their STAI-
T scores, which yielded a main effect for group, F(1, 14) = 6.72, p < 0.05, eta2 = 0.324, such that 
the treatment group (M = 63.94, S.E. = 2.27) scored higher than the control group (M = 55.63, 
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S.E. = 2.27) in this cohort of participants. The main effect of session was not significant F(1, 14) 
= 0.22, p > 0.05, eta2 = 0.015, nor was the group x session interaction F(1, 14) = 0.53, p > 0.05, 
eta2 = 0.037. These results indicate that the training did not affect those high in anxiety any 
differently compared to our non-clinical sample. These participants responded faster on 
congruent compared to incongruent and neutral trials (i.e. demonstrating an attentional bias), 
which is in-line with previous research showing that individuals high in anxiety demonstrate an 
attentional bias towards threat. However, our non-clinical sample demonstrated a comparable 
attentional bias overall. 
